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Abstract 
 
Purpose 
 
This paper analyzes the presence of sustainability in sixteen Spanish Higher Education curricula in the 
fields of Education and Engineering.  
 
Design/Methodology/Approach 
 
The methodology employs two instruments: the Sustainability Map and the Sustainability Presence Map. 
These instruments enable the following: to analyze the number of subjects that develop sustainability and 
the sustainability presence level in each curriculum; to identify at what domain levels of the learning 
taxonomy sustainability is most developed; and to analyze whether a correlation exists between the 
sustainability presence and the number of subjects that develop sustainability in each curriculum.  
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Findings 
 
A wide variety of subjects develop sustainability in a given degree, depending on the university. The 
presence of sustainability is more homogeneous in education degrees than in engineering degrees. 
Education degrees have a greater presence of sustainability in the lower domain levels of the taxonomy, 
while in engineering degrees the lower levels of the taxonomy have a lower presence of sustainability than 
the higher levels. Finally, a correlation appears to exist between the number of subjects that develop 
sustainability in the curriculum and the sustainability presence. However, engineering degrees seem to need 
fewer subjects than education degrees to achieve the same degree of sustainability presence. 
 
Originality/Value 
 
This paper proposes a methodology to measure sustainability presence that can be applicable to the 
curricula of a Higher Education degree if the corresponding Sustainability Map is available. To our 
knowledge, this is the largest study yet conducted to analyze the presence of sustainability in different 
Higher Education curricula. 
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1. Introduction 
 
Throughout this century, humanity will be faced with overriding problems (social imbalances, climate 
change, water availability, etc.). To successfully overcome these challenges, the participation of society 
and governments will be required, both in actions and in policies that help ensure a healthy environment 
and a socially just and economically prosperous future for all (Fien and Maclean, 2000). To this end, it is 
necessary to understand the interactions between nature and society. This is one of the objectives of 
sustainability science (Kates et al., 2001), which is vital if society is to address the challenges of global and 
local sustainability effectively (UNESCO, 2017-1). 
 
In 2015 the United Nations approved the 2030 agenda, which contains a set of 17 objectives called 
Sustainable Development Goals (UN, 2015) that must be achieved in 2030. These objectives are intended 
to protect the planet and ensure peace and prosperity for all its inhabitants. One of the key elements in the 
move towards sustainability is education, as recognized by UNESCO (2017-2). Some authors believe that 
education is a synergistic factor for the objectives of the 2030 Agenda to be achieved (Giangrande et al., 
2019; Hallinger and Chatpinyakoop, 2019). Indeed, Goal 4.7 of Sustainable Development Goal 4 addresses 
Education for Sustainable Development (ESD), and recognizes it as an essential factor for the achievement 
of sustainability. In this work, the terms sustainability and ESD will be used interchangeably as synonyms, 
although in some contexts small differences can be found between both concepts. 
 
Education is essential for training agents of change and the transformation of society (Mulder et al., 2012). 
Educators face a great responsibility: to help society move towards sustainable development (Mortensen, 
2000). In this sense, higher education plays a fundamental role in contributing to the training of these agents 
(Stephens and Graham, 2010). 
 
Some proposals have tried to evaluate Sustainable Development (SD) in higher education. The AISHE 
(Assessment Instrument for Sustainability in Higher Education), developed by the DHO (Dutch Foundation 
for Sustainable Higher Education), evaluates SD in five modules: (1) Identity, (2) Education, (3) Research, 
(4) Operations, and (5) Societal Outreach, by using a set of indicators. AISHE can be applied freely by any 
university (see http://www.eauc.org.uk/theplatform/aishe for more information). Also noteworthy is the 
proposal of Times Higher Education, which evaluates and classifies universities according to their 
performance in achieving the United Nations Sustainable Development Goals. The evaluation is carried out 
in three areas: research, outreach, and stewardship. The university that leads the ranking is the University 
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of Auckland in New Zealand, followed by the McMaster University of Canada (see 
https://www.timeshighereducation.com/rankings/impact/2019/ for more information). Other interesting 
work, published by the International Association of Universities (IAU, 2017), analyses the role of higher 
education in fostering SD using a global survey answered by 120 higher education institutions around the 
world. The report concludes that, although SD is being integrated within higher education institutions, 
including at strategic level, there still remains room for improvement. 
 
Thus, the necessity of including sustainability in the curricula of higher education degrees is clear (Sonetti 
et al., 2019). An important aspect to consider in order to succeed in this goal is to engage the commitment 
of those who should lead the process. This commitment is essential for the move towards a more sustainable 
world (Ralph and Stubbs, 2014). It is also important to design a sustainability integration process for the 
curriculum that can be evaluated so that, if necessary, it can be modified by using objective criteria (Khoen 
and Uitto, 2014). Some authors have therefore focused their research on the design of basic principles of 
ESD that should be integrated into the curriculum (Tassone et al., 2018). Other authors have analyzed how 
ES is being introduced in Higher Education curricula around the world by means of different strategies. 
Alejandro-Cruz et al. (2019) analyzed how the concept of sustainability is being incorporated into global 
research of higher education by using different scientometric reviews of global research between 1991 and 
2018. Based on the review of 6724 articles and conference proceedings, they built up a picture of the main 
institutions that have significantly contributed to the topic of sustainability in higher education, and found 
that 40.58% of the records originate in institutions from the United States, China, United Kingdom, and 
Australia. 
 
Another factor to be taken into account is the training of university teachers (Svanström et al., 2012). Some 
authors have investigated this topic and have identified the main ideas that influence teachers in their 
teaching practice. This is a necessary measure to enable the definition of the training process required to 
ensure that teachers are capable of including ESD as effectively as possible in the subjects they teach 
(Shephard and Furnari, 2013). Other authors have focused their research on analyzing how to transfer 
knowledge in sustainability so that this efficacy can be achieved (Poza-Vilches et al., 2019). 
 
Different approaches have been adopted to incorporate sustainability into a curriculum. On the one hand, 
learning outcomes related to sustainability are included in curriculum subjects, whether compulsory or 
elective (Sánchez Carracedo et al., 2018-1). On the other hand, specific subjects on sustainability are 
included in the curricula (Ceulemans and De Prins, 2010). A third approach consists of applying 
sustainability criteria in the final degree thesis (Chiong et al., 2017; Sánchez Carracedo et al., 2018-2). 
 
These different ways of incorporating ESD into the curriculum involve different degrees of sustainability 
development and learning. On the basis of analysis by learning outcomes, some authors have investigated 
the essential conditions required for ESD to be included in a curriculum (Hill and Wang, 2018), while 
others have evaluated the result of incorporating sustainability-related learning outcomes in different 
courses and the performance achieved by students (Jarchow et al., 2019). Based on a scientific literature 
review on sustainability, Berchin et al. (2017) identified the recurrent actions for sustainability carried out 
in some Higher-Education Institutions, and focused these actions in a case study in Brazil. 
 
Previous works have proposed the use of competency maps to distribute learning outcomes among the 
different subjects of the curriculum (Sánchez-Carracedo et al., 2018-1), and apply this idea to build a 
sustainability map. A sustainability map contains the sustainability-related learning outcomes that 
graduates are expected to have acquired on completion of their studies. These learning outcomes are 
distributed across several domain levels, depending on the learning taxonomy used. The curriculum must 
define a set of subjects (compulsory and/or elective) that constitute the “sustainability itinerary”, and the 
learning outcomes of the sustainability map are distributed among the subjects of the sustainability 
itinerary. The sustainability map helps students to acquire a holistic view of the concept of sustainability 
by relating it to the technical (specific) competencies of their degree. It is essential for students to have this 
holistic vision if they are to be capable of addressing different approaches to sustainability when exercising 
their profession (Sinakou et al., 2018). Other authors, such as Casarejos et al. (2017), propose a conceptual 
framework for modeling the Higher-Education-Institutions’ organizational environment. This work puts 
forward a set of strategic sustainability actions to drive movements toward sustainability, and also an 
assessment scheme. This scheme contains four indices to measure (1) the degree of commitment, (2) parity, 
(3) difficulty and (4) institutional performance throughout the implementation process of the actions 
proposed.  
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In order to arrive at a correct definition of the sustainability-related learning outcomes that must be 
developed in a curriculum, it is first necessary to clarify the competencies related to sustainability that 
should be considered. Some authors have identified the following competencies related to sustainability:    
systems-thinking, anticipatory, normative, and strategic and interpersonal competency (Wiek et al., 2011; 
Wiek et al., 2015). Other authors have studied how these competencies should be adapted to the real 
situation of different countries, and concluded that there is no single model (Demssie et al., 2019). 
 
Spanish universities have started to introduce ESD in the curricula using the document “Guidelines for the 
Introduction of Sustainability in the Curriculum” (CRUE, 2012). These guidelines were drawn up after an 
exhaustive study of the different proposals on sustainability competencies found in the literature, and 
recommend the inclusion of four competencies related to sustainability in the curricula of all Spanish 
university degrees (although the document provides no precise instructions on how this integration should 
be carried out in each curriculum): 
 
• C1: Critical contextualization of knowledge by establishing interrelations with social, economic, 
environmental, local and/or global problems. 
• C2: Sustainable use of resources and prevention of negative impacts on the natural and social 
environment. 
• C3: Participation in community processes that promote sustainability. 
• C4: Application of ethical principles related to the values of sustainability in personal and 
professional behavior. 
 
On the basis of these four competencies, the EDINSOST project diagnoses the degree of sustainability in 
the Spanish Higher Education at three levels of incidence: 
 
• Analysis of the presence of sustainability in the curricula,  
• Analysis of teacher sustainability competencies, and  
• Analysis of student sustainability competencies. 
 
The tool used in the EDINSOST project is the sustainability map (Sánchez-Carracedo et al., 2018-1; 
Sánchez-Carracedo et al., 2018-3), which consists of a matrix containing learning outcomes. The rows of 
the matrix contain the four competencies (C1-C4) identified in the document mentioned above (CRUE, 
2012). The columns enable learning outcomes to be classified into three domain levels using as taxonomy 
a simplified version of the Miller Pyramid (Miller, 1990). In this taxonomy, the two top domain levels 
(Demonstrate and Do) are unified into a single level. The taxonomy used take the following domain levels 
into account: 
 
• Know 
• Know how 
• Demonstrate +Do 
 
This paper focuses on the analysis of the first level of incidence of the EDINSOST project: the presence of 
sustainability in the curricula of the Spanish higher education degrees. The analysis was carried out on a 
set of degrees belonging to two areas of knowledge: Education and Engineering (Segalàs et al., 2018). The 
analysis of the other two levels of impact will be addressed in future papers. 
 
 
2. Research Questions and methodology 
 
 
2.1 Objectives and research questions 
 
The general objective of this paper is to analyze the presence of sustainability in a set of Spanish higher 
education degrees in the fields of Education and Engineering, and compare the results according to the area 
of knowledge, degree, and domain level of the taxonomy. Four specific objectives are proposed: 
 
• Analyze the number of subjects that develop sustainability in each Degree. 
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• Analyze the presence of sustainability competencies defined by the CRUE1 (CRUE, 2012) in the 
curriculum of each Degree. 
• For each of the sustainability competencies, identify which domain levels are developed to a 
greater or lesser extent in each Degree. 
• Analyze if there is a correlation between the number of subjects that develop sustainability in each 
Degree and the presence of the four sustainability competencies. 
 
The research questions drawn up are as follows: 
1. In how many subjects is sustainability present in the curricula of each Degree? Is the number of 
subjects that develop sustainability in the different degrees homogeneous? And in the different 
universities? Are there significant differences between education and engineering degrees? 
2. To what extent are sustainability competencies present in the curricula of each Degree? Is there a 
homogeneous treatment in the development of sustainability competencies between the different 
degrees? And between the different universities? Do significant differences exist between 
education and engineering degrees? 
3. What presence do the sustainability competencies have in each domain level of the taxonomy? 
Are there significant differences between education and engineering degrees? 
4. Is there a correlation between the number of subjects that develop sustainability in each curriculum 
and the presence of sustainability? If so, are there significant differences in the correlation found 
between education and engineering degrees? 
 
 
2.2 Sample 
 
The sample of degrees analyzed in this work is a subset of the degrees studied by the EDINSOST project. 
For education degrees, sixteen curricula from seven universities have been analyzed: Autonomous 
University of Madrid (UAM), University of Cádiz (UCA), University of Córdoba (UCO), International 
University of Catalonia (UIC), University of Seville (US), University of Salamanca (USAL) and Camilo 
José Cela University (UCJC). The curricula analyzed belong to four different degrees: 
 
• Bachelor Degree in Early Childhood Education (BDECE) at UAM, UCA, UCO, UIC, US and 
USAL; 
• Bachelor Degree in Primary Education (BDPE) at UAM, UCA, UCO, UIC, US, USAL and UCJC; 
• Bachelor Degree in Pedagogy (BDP) at US and USAL; 
• Bachelor Degree in Social Education (BDSE) at USAL; 
 
For engineering degrees, ten curricula from three universities have been analyzed: University of Córdoba 
(UCO), Universitat Politècnica de Catalunya - BarcelonaTech (UPC) and Universidad Politécnica de 
Madrid (UPM). These curricula belong to six different degrees: 
 
• Bachelor Degree in Electrical Engineering (BDEE) at UCO and UPC; 
• Bachelor Degree in Informatics Engineering (BDIE) at UCO, UPC, and UPM; 
• Bachelor Degree in Mechanical Engineering (BDME) at UCO and UPC; 
• Bachelor Degree in Design Engineering (BDDE) at UPC; 
• Bachelor Degree in Chemical Engineering (BDCHE) at UPM; 
• Bachelor Degree in Industrial-Technologies Engineering (BDITE) at UPM. 
 
The authors consider that the size and representativeness of the sample analyzed do not allow the results 
obtained to be generalized, but give relevant information on the degree of development of sustainability 
competencies in the Spanish university system in the education and engineering degrees. 
 
2.3 Instruments 
 
 
The methodology employed in this work makes use of two instruments to define the degree of presence of 
sustainability in the curriculum: the Sustainability Map of the EDINSOST project and the Sustainability 
Presence Map. 
                                                          
1 CRUE refers to the Conference of Presidents of Spanish Universities 
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• The definition of the Sustainability Map has been one of the objectives of the EDINSOST project 
(Segalàs et al., 2018; Tejedor et al., 2019). EDINSOST defines a common Sustainability Map for 
all engineering degrees (Engineering Sustainability Map, Sánchez-Carracedo et al., 2018-3) and 
another for all education degrees (Education Sustainability Map, Sánchez-Carracedo et al., 2019-
1). Both maps consist of a matrix like the one described at the end of the Introduction, and contain 
learning outcomes related to engineering or education degrees. The fields of Education and 
Engineering are very different in Higher Education, and designing a single Sustainability Map for 
both has not been possible. Although sustainability is a transversal competency, sustainability 
competencies must be integrated into the curriculum so that graduates incorporate them into their 
profession. Therefore, the learning outcomes of both maps are quite different, despite the fact that 
both start from the same four sustainability competencies, and both use the same learning 
taxonomy. The domain levels of the simplified Miller Pyramid (L1: Know, L2: Know How, and 
L3: Demonstrate + Do) allow sequencing the acquisition of learning outcomes of each 
sustainability competency towards increasingly mature and complete states. 
 
• The Sustainability Presence Map of a curriculum is a Sustainability Map in which the matrix cells 
contain a number greater than or equal to zero, rather than learning outcomes. This number 
expresses the number of subjects that develop some of the learning outcomes of the cell in the 
Sustainability Map. If a cell in the Sustainability Presence Map contains a number greater than 
zero, it is assumed that the competency related to the cell is developed in the curriculum at the 
domain level in which the cell is located (regardless of the number of subjects and hours dedicated 
to this development). The presence of each sustainability competency depends on the number of 
domain levels in which the competency is developed. Thus, if a competency is developed in the 
three domain levels, the presence of the competency will be 100%, while if only one level is 
developed the presence will be 33% (regardless of the number of subjects that develop it in each 
domain level and the number of learning outcomes that are developed in the curriculum).  
The Sustainability Map is related to a Degree, while the Sustainability Presence Map is linked to a 
curriculum. Therefore, the 16 Education curricula will share the same Education Sustainability Map, but 
each of them will have its own Sustainability Presence Map (the same applies in the 10 engineering 
curricula). To build each Sustainability Presence Map, the learning guides of all the subjects of the 
curriculum have been thoroughly revised, linking the learning outcomes of the subjects with the learning 
outcomes of the Sustainability Map.  
 
Table 1 presents the Sustainability Presence Maps of the education and engineering degrees used in this 
work. The top half of the table contains the Sustainability Presence Map of the education degrees, while 
the bottom half contains the Sustainability Presence Map the engineering degrees. The names of the 
analyzed curricula are shown in the column on the left. The following columns indicate the university in 
which the degree is taught (UNIV), the number of subjects that declare to develop sustainability in each 
curriculum (N), and the presence of each of the 4 sustainability competencies (C1-C4). When a degree is 
taught in more than one university, the last row of the degree shows the average of the values found in all 
the curricula analyzed. 
 
Table 1 Sustainability Presence Map of education and engineering degrees 
 
Degree UNIV N C1 C2 C3 C4 
EDUCATION DEGREES 
BDECE 
UAM 8 1 1 1 1 
UCA 26 1 1 1 1 
UCO 36 5/6 1/3 1 3/6 
UIC 20 1 1 1 1 
US 19 5/6 1/3 2/3 4/6 
USAL 20 5/6 0 0 1 
̅ 21.50 0.92 0.61 0.78 0.86 
BDPE 
UAM 19 1 1 1 1 
UCA 30 1 1 1 1 
UCJC 11 5/6 2/3 1/3 1 
UCO 45 3/6 1/3 1 5/6 
UIC 19 1 1 1 1 
US 9 1/6 0 2/3 2/6 
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USAL 28 1 1/3 0 4/6 
̅ 23.00 0.79 0.62 0.71 0.83 
BDP 
US 11 1 1 1 1 
USAL 27 3/6 2/3 1 4/6 
̅ 19.00 0.75 0.83 1.00 0.83 
BDSE USAL 27 5/6 2/3 1 5/6 
̅ 27.00 0.83 0.67 1.00 0.83 
ENGINEERING DEGREES 
BDEE 
UCO 3 0 1/12 0 0 
UPC 10 2/3 7/12 0 1 
̅ 6.50 0.33 0.33 0.00 0.50 
BDIE 
UCO 36 1/3 0 0 2/3 
UPC 13 2/3 11/12 1 1 
UPM 11 1 7/12 1/3 1 
̅ 20.00 0.67 0.50 0.44 0.89 
BDME 
UCO 4 0 1/4 0 1/3 
UPC 3 1/2 1/3 0 2/3 
̅ 3.50 0.25 0.29 0.00 0.50 
BDDE UPC 9 1 3/4 1 1 
̅ 9.00 1.00 0.75 1.00 1.00 
BDCHE UPM 7 2/3 11/12 0 1 
̅ 7.00 0.67 0.92 0.00 1.00 
BDITE UPM 7 2/3 11/12 0 1 
̅ 7.00 0.67 0.92 0.00 1.00 
 
 
Some competencies are defined in the Sustainability Map in terms of more than one competency unit -see 
Sánchez-Carracedo et al. (2018-1) for details-. Specifically, competences C1 and C4 are defined by 2 
competency units in the Education Sustainability Map. As each competency unit defines its learning 
outcomes in 3 domain levels (Know, Know how and Demonstrate + Do), competencies C1 and C4 
distribute their learning outcomes in 6 cells, while competencies C2 and C3 distribute them in only 3 cells. 
Thus, for example, the presence of competency C4 for the BDECE of the UCO is 3/6 because the subjects 
of the curriculum develop learning outcomes belonging to 3 of the 6 cells. This value is included in a circle 
in Table 1 to identify it clearly. The Education Sustainability Map can be found in Sánchez-Carracedo et 
al. (2019-1). 
 
In the case of the Engineering Degrees, competency C1 has 2 competency units (therefore 6 cells contain 
learning outcomes) and competency C2 has 4 competency units (12 cells contain learning outcomes). The 
C3 and C4 competencies contain a single competency unit, and therefore their learning outcomes are 
distributed in 3 cells in each one. The Engineering Sustainability Map can be found in Sánchez-Carracedo 
et al. (2018-3). 
 
The process for building the Sustainability Presence Maps of education and engineering degrees is detailed 
in Sánchez-Carracedo et al. (2019-1) for education degrees, and in Sánchez-Carracedo et al. (2019-2) for 
engineering degrees. 
 
2.4 Research design 
 
The design used in this research is quantitative, since for each curriculum of each university, the presence 
of each of the four competencies related to sustainability is calculated. The average is used to calculate the 
sustainability presence in the education degrees set and the engineering degrees set. 
 
To calculate the sustainability presence in the Spanish university system, a weighted average is used, given 
that data are available from 16 Education curricula and 10 Engineering curricula. In this way, education 
degrees and engineering degrees are observed to have a 50% influence on the final result. 
 
Finally, the temporality of the study and the analysis performed correspond to the data extracted from the 
2018-2019 academic year. 
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3. Results and Discussion 
 
3.1 Subjects that develop sustainability in curricula 
 
Figures 1(a) and 1(b) enable the first block of research questions to be answered: In how many subjects is 
sustainability present in the curricula of each Degree? Is the number of subjects that develop sustainability 
in the different degrees homogeneous? And in the different universities? Are there significant differences 
between education and engineering degrees? 
 
Figure 1(a) shows the value of the average of subjects (axis y) in which sustainability is stated to have been 
developed, organized by areas of knowledge and degrees (axis x), and the standard deviation of the curricula 
of each degree. When a degree is taught in a single university (BDSE, BDDE, BDCHE, BDITE), the bar 
on the left indicates the number of subjects that develop sustainability in the degree. In this case, the 
standard deviation (right bar) is 0. If the degree is taught in several universities, the left bar shows the 
average number of subjects, and the right bar shows the standard deviation. The group of bars on the left 
corresponds to education degrees, while the group of bars in the center corresponds to engineering degrees. 
Finally, the group of bars on the right shows the weighted average of subjects and the standard deviation 
of the degrees according to their area of knowledge. 
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Fig 1 Average of subjects in which it is stated that sustainability is developed, and standard deviation, (a) 
organized by degrees and areas of knowledge, and (b) organized by universities. 
 
The high values in the standard deviation shown in Figure 1(a) indicate that the total number of subjects in 
which it is stated that sustainability is developed in these degrees is very varied. For example, the value 
11.53 in the standard deviation of the BDPE (Education), or the value 11.34 of the BDIE (Engineering), 
indicate that the number of subjects that develop sustainability in these degrees is not homogeneous, and 
depends to a great extent on the university that teaches the degree. 
 
On the other hand, Figure 1(a) shows that, on average, education degrees develop sustainability in more 
than twice as many subjects as engineering degrees (22.2 vs. 10.3 subjects). 
 
Figure 1(b) shows the same information as Figure 1(a), but organized by universities. The lower values in 
the standard deviation shown in Figure 1(b) indicate that the distribution of subjects is more homogeneous 
when analyzed by universities. However, the differences in the number of subjects that develop 
sustainability in each university is notable (40.5 in the UCO versus only 11, on average, in the UCJC for 
10 
 
education degrees). The data in figures 1(a) and 1(b) suggest that there appears to be no clear “strategy” for 
implementing sustainability between the different universities (very different average number of subjects 
), but they are compatible with the existence of such a strategy within each university (low deviation type), 
with the exception of the UCO for Engineering (the only university where the standard deviation exceeds 
the average). This case is an outlier, as will be analyzed later. On the other hand, there appears to be no 
strategy for including sustainability in the different degrees, as can be seen from the high standard 
deviations shown in Figure 1(a). 
 
Although Spanish universities have taken steps to integrate sustainability into curricula in recent years, 
there is still a long way to go (Tilbury, 2011; Segalàs et al., 2012). The results shown in figures 1(a) and 
1(b) demonstrate the need to develop networks and joint projects between universities that enable 
convergence towards appropriate strategies that minimize the type deviations shown. 
 
3.2 Presence of sustainability competencies in the curricula 
 
The data shown in Figures 2(a), 2(b) and 2(c) yield the answers to the second block of the research 
questions: To what extent are sustainability competencies present in the curricula of each Degree? Is there 
a homogeneous treatment in the development of sustainability competencies between the different degrees? 
And between the different universities? Do significant differences exist between education and engineering 
degrees? 
 
Figure 2(a) shows a comparison of the average presence of each of the four sustainability competencies 
(C1 to C4) in the ten degrees analyzed. In the abscissa axis, the four education degrees (on the left) and the 
six engineering degrees (in the center) are identified in two groups. The group of bars on the right shows 
the average presence of each competency for all the analyzed curricula, classified by area of knowledge, 
and the weighted average of the 26 curricula. 
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Fig 2 (a) Average percentage of presence of the sustainability competencies of the CRUE classified by 
degrees, area of knowledge, and weighted average. (b) Contribution of each of the four competencies to 
sustainability presence classified by degrees, area of knowledge and weighted average. (c) Contribution of 
each of the four competencies to sustainability presence, classified by universities in each area of 
knowledge 
 
Analysis of the data presented in Figure 2(a) suggests that: 
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• The four education degrees develop the four sustainability competencies (C1 to C4) to a greater 
or lesser extent. However, four of the six engineering degrees analyzed (BDEE, BDME, BDCHE, 
BDITE) do not develop (0%) competency C3-Participation in community processes. 
• Education degrees develop the four sustainability competencies more homogeneously than 
engineering degrees. In addition, generally speaking, sustainability competencies are less 
developed in engineering degrees than in education degrees. 
• On average, the competency with less presence in the field of Education is C2-Sustainable use of 
resources (65%), while in the field of Engineering it is C3-Participation in community processes 
(23%). In contrast, the competency C4-Application of ethical principles has the most presence in 
engineering degrees (77%), while in education degrees the competencies C1-Critical 
contextualization of knowledge, C3-Participation in community processes, and C4 -Application 
of ethical principles have a similar presence (between 79% and 84%). 
• On average, the four sustainability competencies are present in both education degrees and 
engineering degrees, although their presence is greater in education degrees than in engineering 
degrees. This result seems logical if it is related to the block corresponding to the first research 
question, given that education degrees have on average more than twice as many subjects that 
develop sustainability as engineering degrees (Figure 1(a)). 
 
Figure 2(b) contains the same information as Figure 2(a), but in a stacked and standardized manner. For 
each degree, competencies C1 through C4 are now shown in a single bar (stack) with four different shades. 
The purpose of Figure 2(b) is to show the degree of presence of sustainability in each degree. To this end, 
the methodology assumes that each of the C1-C4 competencies contributes 25% to sustainability. The 
highest bars correspond to the degrees having a greater presence of the four sustainability competencies, 
added with the same weighting. 
 
As can be seen in the figure, the BDDE is the degree that shows the most presence of sustainability (94%). 
This high level of presence is due to the fact that this degree is taught in a single university that shows a 
special sensitivity to the inclusion of sustainability competencies in the curriculum. The degree that shows 
less presence of sustainability is BDME, with just 26%. This degree is taught in two universities, and clearly 
has not been designed with sustainability competencies in mind in any of them. When the data is analyzed 
by area of knowledge, education degrees have an average presence of 78%, while engineering degrees 
barely reach 52%, but with much more variability between them (BDME ≈ 26% vs BDDE ≈ 94%). 
 
Finally, Figure 2(c) shows the same information as Figure 2(b), but organized by universities in each area 
of knowledge. Figure 2(c) shows that the degrees within the scope of Education taught at the UAM, the 
UCA and the UIC have a 100% sustainability presence. The three universities teach the BDECE and BDPE 
degrees, which implies that both degrees have a 100% presence of the 4 sustainability competencies. On 
the other hand, the sustainability presence in the remaining universities offering degrees in the field of 
Education (US, USAL, UCJC, UPC and UPM) is approximately 60%. 
 
With respect to engineering degrees, the three degrees taught at the UCO (BDEE, BDIE and BDME) barely 
reach 14% of sustainability presence on average, and none of them has a presence of the competency C3-
Participation in community processes. The UPC and UPM curricula have an average sustainability presence 
close to 60%. 
 
The comparative analysis of figures 2(b) and 2(c) suggests that a certain homogeneity exists in the 
development of sustainability within the same institution and area of knowledge, but not between 
institutions or between areas of knowledge. The case of the UCO is striking, since it seems to have a strategy 
for developing sustainability in education degrees, but not in engineering degrees. 
 
The sustainability presence is on average more homogeneous in education degrees than in engineering 
degrees, which is compatible with education degrees having a greater motivation to include sustainability 
than engineering degrees, where motivation could depend more on a few especially motivated teachers. 
 
Finally, it should be noted that the competency with the lowest presence in education degrees is C2-
Sustainable use of resources, while in engineering degrees it is C3-Participation in community processes. 
It is surprising that, according to the authors, the competency most present in engineering degrees is the 
C4-Application of ethical principles, rather than the C1-Critical contextualization of knowledge or the C2-
Sustainable use of resources, traditionally more entrenched in the engineering degrees. 
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3.3 Domain levels in which each of the sustainability competencies is developed 
 
In answer to the third block of research questions, Figure 3 is presented: What presence do the sustainability 
competencies have in each domain level of the taxonomy? Do significant differences exist between 
education and engineering degrees? 
 
Figure 3 shows the average presence (axis y) of each of the three domain levels L1-Know, L2-Know how, 
L3-Demonstrate + Do of each competency C1 to C4 (axis x), classified according to the knowledge  
 
 
 
Fig 3 Average presence of sustainability competencies according to domain level and area of knowledge 
 
The analysis in Figure 3 indicates that: 
 
• In general, sustainability has a greater presence in education degrees than in engineering degrees 
in all domain levels. Only level L3 of the competency C2-Sustainable use of resources, and level 
L2 of the competency C4-Application of ethical principles, have a greater presence in engineering 
degrees. 
• In the education degrees, the lowest domain levels (L1) are those that have, in general, a greater 
presence. In engineering degrees, on the other hand, domain level L1 has the least presence, with 
the exception of competency C3-Participation in community processes. 
 
The foregoing result is not unexpected. Universities have traditionally been transmitters of knowledge (L1> 
L2, L3) and although there are currently models available for the integration of competencies, hardly any 
information exists about to put it into practice (Wihelm et al., 2019). On the other hand, the curriculum 
analysis of the universities that teach engineering studies show that the design of their curricula is oriented 
towards the development of more applicative tasks (Tejedor et al., 2018), causing the opposite effect (L1 
<L2, L3). 
 
3.4 Correlation between the presence of sustainability competencies and the number of 
subjects that develop them 
 
Figure 4 provides answer to the fourth block of research questions: Is there a correlation between the 
number of subjects that develop sustainability in each curriculum and the presence of sustainability? If so, 
do significant differences exist in the correlation found between education and engineering degrees? 
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Figure 4, which synthesizes much of the information contained in the previous figures, presents the 
correlation between the number of subjects in which it is stated that sustainability is developed (axis x) and 
the sustainability presence (axis y), both for the Education and Engineering curricula. Education and 
Engineering curricula are labeled in two different tones to facilitate differentiation, and the trend line of the 
Education curricula is continuous, while the trend line of the Engineering curricula is discontinuous. 
 
 
 
Fig 4 Correlation between sustainability presence and the number of subjects in which it is stated that 
sustainability is developed 
 
Figure 4 shows different outliers, both in number and nature, according to the area of knowledge. It is 
considered that these outliers do not contribute to the trend lines (there is no trend line if these points are 
considered). The boxes containing the names of the outliers are filled in to help differentiate them from 
other curricula. Engineering curricula have a single outlier (BDIE, UCO), which corresponds to a 
curriculum with many subjects that state the development of sustainability (36) but with a sustainability 
presence of only 25%. However, seven outliers are found in the area of education (BDECE, UAM; BDP, 
US; BDPE, UAM & UIC; BDECE, UIC; BDECE, UCA; BDPE, UCA). These outliers correspond to 
curricula that declare a 100% sustainability presence with a very variable number of subjects, from 8 
(BDECE, UAM) to 30 (BDPE, UCA). As can be seen, the nature of the outliers is different in engineering 
and education degrees. 
 
The points corresponding to outliers in Education belong to curricula that could have a strategy for 
developing sustainability, since they show a 100% presence with a different number of subjects. On the 
other hand, the point corresponding to the engineering outlier corresponds to a curriculum that in all 
probability lacks such a strategy. 
 
The remaining points form two trend lines, one for education degrees and one for engineering degrees. 
Each with its own slope, these lines suggest that sustainability presence increases with the number of 
subjects that develop it. It is difficult to draw conclusions from this fact, but these curricula probably do not 
have a defined strategy for developing sustainability either. If they did, they would be able to achieve a 
100% sustainability presence with just a few subjects, as in the case of the BDECE of the UAM, which 
achieves 100% with only 8 subjects. 
 
The foregoing results suggest the need to focus not so much on the “quantitative” aspect (number of subjects 
that develop sustainability), but rather on the “qualitative” aspect; that is, the design of an “appropriate 
strategy” that allows the integration of sustainability into the curriculum. An effective methodology to 
systematize this work is the use of Sustainability Maps (Sánchez-Carracedo et al., 2018-1; Sánchez-
Carracedo et al., 2018-3). In a Sustainability Map, the important factor is not the number of subjects that 
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develop sustainability (although a minimum number of subjects is required), but rather that the learning 
outcomes of the sustainability map are conveniently distributed among the subjects of the sustainability 
itinerary. 
 
Finally, note that the slope of the Education and Engineering trend lines is different. The data indicate that 
engineering degrees generally require fewer subjects than education degrees in order to achieve the same 
sustainability presence. This may be due to the fact that education degrees develop the same sustainability 
map cells in many subjects, while other cells are not developed in any subject, which supports the previous 
hypothesis that they do not have a strategy for developing sustainability. 
 
3.5 Limitations of this research 
 
This work has some limitations, which are set out below: 
 
• The study was conducted on a relatively small set of degrees (4 in the area of Education and 6 in 
Engineering), over 26 curricula (10 in Engineering and 16 in Education) that are taught in 9 
different universities. The data cannot therefore be extrapolated to the rest of the education and 
engineering degrees in Spain. Nevertheless, they suffice to form an idea of how sustainability is 
being developed in some Higher Education curricula in Spain. In future work, it is necessary to 
study a larger set of degrees and curricula, including other knowledge fields, in order to complete 
the analysis conducted in this paper. 
• The study was performed by analyzing the sustainability presence stated in the learning guides of 
the subjects of each curriculum. It may be that the teachers of the different subjects are not 
following the established learning guidelines to the letter. Future work should take this possibility 
into account, as well as the fact that not only the information contained in the learning guides 
should be considered, but also interviews with the teachers in order to verify the information. This 
requires some extensive and thorough work that should be carried out within each curriculum. The 
authors believe that Spanish Higher Education should have a joint strategy in order to enable the 
degrees to collect and share this information and thereby improve ESD. 
• The last limitation of this work is the definition of “presence”, which only considers that learning 
outcomes are present in the learning guides. In subsequent studies, it is necessary to go further and 
analyze not only whether or not a learning outcome is developed in a certain subject, but also how 
it is developed (with what methodologies); how it is evaluated (with what instruments), and how 
many hours students devote to it. 
 
4. Conclusions 
 
This paper analyzes the sustainability presence in the curricula of a set of Spanish Higher Education degrees 
in the fields of Education and Engineering. The results are analyzed on the basis of four parameters: (1) 
Number of subjects that develop sustainability in the curricula; (2) Presence of sustainability competencies 
in the curricula; (3) Domain levels in which each of the sustainability competencies is developed; and (4) 
Correlation between the presence of sustainability competencies and the number of subjects that develop 
them. 
 
With respect to the first parameter -the number of subjects that develop sustainability in the different 
curricula-, the results indicate that there appears to be no clear “strategy” for implementing sustainability 
among the different Spanish universities (the average number of subjects dedicated to developing 
sustainability is very different, depending on the university). However, the data is compatible with the 
existence of such a strategy within each university (a small deviation is found in the number of subjects 
that develop sustainability in the different degrees taught by the same university). On the other hand, there 
appears to be no common strategy on the part of universities for including sustainability in the different 
degrees, as may be observed from the high standard deviations shown when the curricula of different 
universities corresponding to the same degree are analyzed. 
 
With respect to the second parameter –the presence of sustainability competencies in the curricula-, the 
data suggests that a certain homogeneity exists in the development of sustainability within the same 
institution and area of knowledge, but not between different institutions or between areas of knowledge. 
Sustainability presence is more homogeneous in education degrees than in engineering degrees, which is 
compatible with education degrees being more motivated to include sustainability than engineering degrees. 
Finally, the competency C2-Sustainable use of resources has the lowest presence in education degrees, 
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while in engineering degrees it is C3-Participation in community processes. It is surprising, on the other 
hand, that the competency most present in engineering degrees is C4-Application of ethical principles, 
instead of C1-Critical contextualization of knowledge or C2-Sustainable use of resources, traditionally 
more entrenched in engineering degrees. 
 
As for the third parameter, education degrees have greater sustainability presence in the lower domain 
levels of the taxonomy, while in the engineering degrees the opposite is true, and the lower levels of the 
taxonomy have a lower presence of sustainability than the higher levels. 
 
Finally, regarding the fourth parameter, there seems to be a correlation between the number of subjects that 
develop sustainability and the sustainability presence in the curriculum. However, engineering degrees 
appear to require fewer subjects than education degrees to achieve the same sustainability presence. In order 
to obtain trend lines, some curricula are regarded as outliers and have not been taken into account. In the 
case of education curricula, these outliers correspond to curricula that have a 100% sustainability presence 
regardless of the number of subjects that develop sustainability. These curricula could have a strategy for 
developing sustainability. 
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